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However,  the  SLAP  tracer,  due  to  stability  requirement  must  sacrifice  armor  penetration  capability. 
Given  what  was  known  about  discarding  sabot  design  in  the  1970's  and  80's,  the  SLAP  system  was  a 
good  round  for  the  times.  It  is  unfortunate  that  it  has  taken  so  long  to  get  it  into  the  field. 
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KE.  PROJECTILE  BEST  FEASIBLE  SOLUTION  RESULTS 
FROM  AN  ITERATIVE  SYSTEMS  ANALYSIS  PROCESS 


Iterative  Systems  Analysis  Process 
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Now  with  relatively  heavy  projectiles,  like  the  ball  round,  a  regressive  grain  is  acceptable 
because  the  projectile  is  harder  to  get  started  down  the  barrel.  The  propellant  will  burn  faster  and 
evolve  gas  pressure  faster  based  only  on  an  increasing  chamber  pressure.  You  have  to  remember  that 


burning  rate  is  a  function  of  both  chamber  pressure  and  burning  surface.  For  heavy  projectiles,  the 
chamber  pressure  will  increase  despite  the  regressive  characteristics  of  the  grain.  However,  if  one 
uses  a  regressive  grain  designed  for  a  heavy  projectile  now  with  a  lighter  projectile,  the  maximum 
pressure  will  be  lower,  as  will  the  muzzle  velocity. 


0) 


w 

<D 

o 

■a 

SI 

5 

c 

CD 


0) 


_c 

'os 

i— 

cn 

(D 

> 

'w 

0) 

D) 

O 


0) 

o 

E 

03 

■o 

CD 

CD 

C 

CD  C/j 

5  ^ 
S 

^  5 


CD 

JO 

> 

cc 

E 


T3 

CD 

O 

C 

■> 

c 

o 

o 

CD 

1— 

"d 

o 

d 


CD 

■D 

5 

o 

Q. 


CO 

c 

CD 

1— 

1— 

D 

O 


c 

CD 


CD 

CCS 

D) 


C 

CD  .2 


f-  -1-1 

.ZZ  ^ 

E  o' 

U  Cfl 
JO  CCS 
JO 
O) 

■a 

o 

>.  T3 
JO 

CO 


-C 

T3 


C 

o 

CD 

C  Q. 

""  E 

c  « 

<-■  d 

o 

CO  O 


OS 

g-E 


T3  — 

(0 

CD  C 

o  ® 
-C  £ 
h- 

c 
.  5 

CO  o 
CO  "O 


.il 

CO  > 

CD  O 
1-  Ql 
CD 

CD  = 
*-  CCS 

CO 

CO 

jDD 

■d 

C  CD 

i— 

o 

is  CO 

CD  CO 
-D  — 

^.E 
CD  b) 

JO 

o  _ 


1-  CD 

i  .i 

C 

ca 

E 
c 

CD 
> 


CD 

> 

O 

CO 


1-  o 

CD  CC 
T3 
5  C 

o  — 

Q. 

CCS  o 


'I-  .c 


o  2 
§ 

c  ^ 
CCS  o 
CCS 

.£  b 

«  o 

Oi 

O  OS 

o  c 
o  c 

•-  3 
JO 
CD 

CO  *- 

o  c 
3  2 

CD 

o  ■o 

•1  ^ 
CCS 

OS  ^ 


0 

c 

o 


0 


D) 

c 

5 

o 

w 

>< 

JO 


D)  >< 

sl 

-C  w 
(f) 
0 


OS 

O 


CL 


c 

Ci 

o 

^  i 

o 


0 

> 


0 

JO 


c 

o 

0 

_0 

SO. 

0 


JO 

0 


5  -C 

JO  -1-' 


0 

0 

V) 

0 


w 


0 

M— 

L- 

0 

« 

0 

3 

o 


0  0 
5  £ 

w 

S  o 
0 

0  M 

I-  0 

V.. 

0 
4>-* 
0 


2  I 

c  x: 
« 

TO  _ 

0  7= 

■E  5 
o  *- 

(0  .ti 
JO 

CO  0 

w  b 

M— 

0 

0  it. 

C  0 

.c 
0  H 
o 

o’  CO 
2  « 
i:  0 

5 

0  .2 


0  ■« 

■o 
■o 

0  0^ 


bs  ^ 


0  -*-• 

^  -O 
sz  c 
0 
o 


T3  is 


JZ  JZ 


0 
0 
CL 
CO 

0 

Z3 

■O  JO 
0  0 
C  o  rz" 

0  O  0 
t  -Q 

0  0*^ 
■s  ^  s 

C  = 
0  CCS  CD 
£  o  SO. 
0  O 

*"  >•  « 
1-  Q. 

^  0 
c  ^  0 

C  C  x: 
O  0  M- 

X!  os  o 


_o 

0 

D) 

I » 
0  £ 

CO  O 
>, 
0)  3 

ro  0 

CO 

4— • 

c  >, 

0  OS 

v_  >— 
*“  0 
0  c 
0  0 
Q  _ 
0 
0 

0  o 

0  ^ 
CL  £ 

•h:  W 
0  0 
sz  o 

•*-  D 
T3 
D  CD 
O 

€  i2 

s 

O  0) 
c  i- 
0 

0  "D 


«  3  = 
-  0 
JO 


0 

OS 

c 

'w 

•D 

0  0 
t  N 
0  N 

^  I 

§  CO 

w 

c  £ 
0 

W 

C  0 

CO  .> 
£  OS 

O  ^ 

Vj  .2^ 
0  T3 

OS  1^ 

E'  tr 

2  0 
o  o 
0 

0 

-  E 
.52  >, 
-  os 

X  2 
OS  CZ 
•—  0 
0 

5  CO 

w 

XI  — j 


0 

TO 

5 

o 


0 

> 


0 
o  ^ 

o  x: 


w"  CO 

c  ^ 
0  o 

E  $ 

B  ^ 
0  0 
-O  X 

—  o 
o 

c 

0  ~ 
« 

Z5 

0 

^  0 
jE  .N 

.2 

0 

0 


TO 

0 

1— 

L- 

0 

•4-t 

0 


0 


0 

0 

< 


c 

_0 

0 

so. 

o 


0 

OS 

4—. 

c 

3 

0 

0 

c 

0 

c 

L- 

c. 

3 

— 

X 

X} 

>, 

c 

0 

0 

E 

0 

0 

0 

c 

$ 

’0 

bs 

0 

X 

X 

•4-^ 

5 

0 

0 

X 

X 

0 

DS 

Z3 

X 

+-• 

0 

X 

X 

+-< 

c 

c 

0 

0 

> 

0 

0 

m-T 

0 

0 

0 

SO. 

> 

0 

c 

0 


0 

+-* 

0 


E 

•D  O 


o  ^ 

0  O 
0 

O  0 

0  *0 
X  W 

c 

o  ^ 
c 

0  •“ 
T3 

O 

^  0 
•—  0 
0  E 
c 

0  0 

TO  o 
*«♦— * 
o 

DS  0 

i—  i— 

0  SO. 

c 

0  0 


0 

O  0  1- 

~  >  o 

0  0  X 

X  ^  w 

■*"  O 
1-  I  ^ 
o  2 

.  w 

O-  0  Z3 

0-50 

2  CO 

0  E  --5 

v»  1- 

0  O 

C  0 

*=  0 
O  X  _ 


0 

0 


o 

0 


0 
c 

0  O 

^  £ 
c 


0 

c 

0 

O 


X 

o 


OS 


0 

•O 

$ 

o 

SOL 


0 

o 

E 


0 

o 

4-* 

0 

0 

+-* 

o 

0 

0 


=  X  o 
0  2 


CQ 


Z3 

E 


0 
os 
0 

?  s 

0  0 


BOFORS  885  SINGLE  PERF. 

(.50  CALIBER  M2) 


CO  0)  0)  0) 
^  ^ 

s  s  i 

^C3  C3  C5  C5 


KQ  o  o  o 
O) 

c»>  sr  ^ 

II  II  II  II  II 

■  X  +  4  « 


(03S/ld)  31ZZniN  A 


Muzzle  Velocity  versus  Charge  Weight 


CD 

D) 

CC 

SI 

o 


c 

D) 

'« 

(D 

XS 

0 

s: 


in 

CO 

CM 

-I— » 

cC 

•4—* 

sz 

D) 


(0 

0 


0 

JO 

E 

n 

c 

0 

D) 

C 

‘w 

n 

0 

0 


W 

0 

■I—* 

X3 

0 

Q. 

O 

0 

> 

0 

XJ 

0 

5 


c 

o 

0 

c 

1q 

E 

o 

o 

« 

0 

JO 

0 

JO 


0 

*4— 

0 


0 

0  — 

CD  0 
C  JT 

v> 


c 

o 

o 

x> 

0 


w 

Jm 

*0 

CD 

0 


0 

c 

'0 

CD 

O 

h'- 

CM 


■=  0  < 


_iu  X> 


O 

c 

‘CD  'O 

0  5 

«  ‘-c 

I  « 

lE 

.E  ^ 
o 

0 

X3  >> 

C 

0  CJ 

S  _o 

0 

> 


0 

c 

’0 

^  D 
O  ° 

CM  -2 

^  o 

o 

0  *2 

o 

E  « 

0 


C3) 

c 


0 


0 

SI 


o 

_0 

0 

0 


o 

^  0 
0  '2  I 

^  0 

Q. 

O 


0 

CD 

XJ 


O 

0 

X> 

0 


0 

ZJ 

0 

5 

o 

”0 

0 

'sz 

\- 


0 

o 

CL 

< 


0  O 

0  « 
0  .E 
j=  0 


> 

o  N 

0  E 
B  - 

0 

s « 

.E  2 

CD  CD 


=>  O 
>» 

-Q  c 
X  B 


c 

0 


0 


Q. 

c  2 

O  Q. 

C3  it: 

0  ^ 

.55  0 

■+-  I 

C  0 

o  sz 
o  *r 


CD  ><  CD 


E 

0 
-•— » 
0 

0 

JO 

0 

0 

•*— ' 
c 
_0 

’0 

Q. 

O 

CL 

0 


0 

•4-4 

SZ 

D) 

'0 

0 

O 

2, 

’o 

CL 

■#— » 
C 
0 


0 

SZ 


0 

o 

c 

0 

0 

44— 

0 


0 


SZ  o 

CD  <n 

=  CM 
0 

>4 

0  c 


5  ^ 
c  5 

LU  O 

o 

.  0 
c  > 
0  0 

"o  N 
Q.  N 

^  I 


ai  I  a 

N  0 
N  ^ 

p  «  0 


0  "q 

CD  ^ 
0 


E 

0 


c  « 

o  sz. 


O  X3 

c 


n 

o 


0  0 

M— 

§  « 

5  2 

g| 

0 

0  0 
2  ^ 
Q-  n 

■i  0 


O  0 
$ 


0 

E  0 
o  5 
O 

CD  ^ 
C 

■ —  ' 

0  C 

^  0 
O)  (/) 

0  2 

o  °- 


o  ~ 


0 

Q. 


0 

< 


m 


0 

44— 

4^ 

> 

OS 

CD 

in 

&— 

0 

JO 

C 

0 

03 

C 

0 

CD 

< 

X 

1.. 

0 

00 

0 

p 

sz 

0 

0 

'sz 

0 

0 

(~ 

+J 

X 

c 

0 

0 

0 

c 

+— 

c 

_0 

0 

0 

JO 

44— 

0 

0 

0 

E 

03 

C 

"o 

0 

+- 

(~ 

03 

0 

0 

X 

0 

X 

’n 

CL 

0 

0 

CD 

'0 

C 

'1— 

D 

c 

'0 

■> 

0 

0 

'o 

1— 

0 

X 

E 

V- * 
CL 

44- 

X 

0 

0 

5 

X 

03 

CL 

CL 

0 

0 

0 

c 

o 

in 

CM 

■M" 

•4-» 

0 

0 

•4-* 

0 

x 

0 


0 

o 


0 

>4  - 

CD 

in  0 

0 


0  0 
0 


X 

0 

o 

13 

X 

0 


0 

c 

’0 

]>» 

CD 

O 

1^ 

CM 


0  ^ 
—  d  ^ 
0  m  T3 

C  -E  05 
0  O  03 

I—  IP  l_ 

r  0  ^ 

0  o  0 

SI  Or- 


X  ^ 

V.  D) 

"I 

o  0 
S  .9 
0 

0  .E 

■4-^ 

0  0 
0  c 

0  c 
0  E 

X  B 

cz 

Z3  C 

o  — 


JO 

D) 

‘0 

c 

0 


”  o 

0 

0 

-i  TO  n 
^  JO  X 

^  I  p' 

■I—  03 


0 
N 

n  « 


CO 

0  0  C 
•p  0  o 
£  0 
0  0 


B  < 


0 

CL 

o 

1- 

Q. 

0 

JO 


X 

c 

0 

0 

c 

'0 

C0 

o 

■M- 

0 

JO 

D) 

’0 


C 

03 

‘0 

0 

X 

"0 

C 


0 

SZ 


0 
>4 

0  O 

03  0  !2 
CD  ^ 

■o 

B  O  ^ 

0  . 
O  0  >4 

-•2  0 

CD  .E, 

o  .9 

2  ^  E 

S  o  E 

03  0 

^00 

C  0 

c  w  2 
0  i- 

>4  -E 

CD  „ 

0  1-  -vO 

-4^  o 

0  C  CD 
0  0  ■»- 

0  o  0 

H—  m 

S  N 
O  S 
^  c 


>4  O 

"0  •— 

il  0 

0 


0 

c 
0 
fO. 

o 

E 

"E  0 


o 

ct5 

0  o 

P  -C 
0  0 
CL 


5 

CL  O 
<  ^ 
Cf)  = 
0  ^ 


X 

0 

0 

0 

2 

o 

c 


0 


-C  •p 

■4-'  ■"  _0 
0  0 


V/ 

o  < 

-4-' 

0 


o 

0 


0 

0 


“■s  _ 

.2 

Bog, 

gi” 

°  CD 

—  X  C 
0  0  O 
>  0  — 

^  X 
0  c 

—  00 

« 

03  ^ 

X  p  O 


^  0 
2  0  $ 
0  ^ 
0  0+- 
0  0 
-  1-  D3 
0  O  >- 
CL  C  0 


0 


*  g 
®  i  _ 

•p  0-  O 

0  <  JO 

2  pJ  +- 

o»i  CD  0 


BOFORS  885  SINGLE  PERF. 

(.50  CALIBER  M2) 


(O 

lo 

eo 


O)  (A  (/)  (/) 


3  5  s 

DC  tc  o:  It 


«) 


(3  (3  CS  O 
o  o  o  o 

«6  0>  CM 
P>  ^  ^ 

II  II  II  II 

■  *  +  <  o 


Us^)  3UnSS3Ud  H3BV\IVH0 


Chamber  Pressure  versus  Charge  Weight 


w 

o  c 
cc 


jC  T3 
D)  C 

'(])  ^ 
5  (0 
c 

O  D) 

lo 
cc 


0) 

cx 

2  "o 

'c/J 
O  <D 
■D 

C  0 
£ 


Q.  C\J  o) 


T3 

C 

CO 


(0 


CO 

o  c3 

0 

(M  E 


■p  .93 

■0 

CL 

o 


0 


0 

E  ° 
0 

w  o 

"D 

0 

W  0 
0  ^ 
-<=  •= 

1_  0 
o  x: 

0  « 

i— 

(0  ^ 


•ti  « 

$  -E 
0 

_0 

o 

0 

'o' 

a. 


c 

'0 

01 


o 

CM 

0 


« 

0 


c 

o 

o 

0. 

< 

—I 

CD 

0 


CO 


0 

XU 

E 

0 

o  _ 

0  <13' 

D.  ^ 

T5  2 

0  0 
V- 

13  0 
W  *- 

0  i_ 

0  o 

E  u- 

o  . 
_co  cn 

§ 

0  'x: 

%  I 

lo 

E 

o 

o 


0 

Q-  0  . 

^  0 

^3  W 
E  .  w 
0  0  0 

„  :E  Q. 

O  <13  ._ 
£  CO  0 
O  0  -Q 

CD  -<13  — 

0  .<2 

x:  x: 


E 

0 


o 

c 

_  o 

«  0  <0 


CJ)  "D 
C  0 


0 

o 

X 

0 


c 

o 

0 

O 


0 

o 
0 

0  03  53 

i_  ~  D. 

Q.  0  0 


O 


CM 


0 

"cO 

O 

o 

in 

0 

xz 


TJ 

0 

N 

lo 

0 

0 

JO 


<13 

0 

JO  O 
0  ^ 

“■g 

0  =3 

0  E 

"O  0 

O  0 
0  _£- 
0  o 
0  . 

0 

Yl  "O 


o  w 

3  T3 
^  0 
0'  ^ 

2 

o 

IS  ^ 

«3  c:  "iS 

i-  r:  0 
0  0  0 
CL 

=0 


"O 

0 

0 

0 

0 


o 


-  03  ^ 

53  O 


o 

c 


0  .iC 
*-  Q. 

-rr  «1 

TO  1- 
0  ^ 


0 

> 

0 


CL  O 
0  2 


TO  SZ 


^13  ^ 
0  0 
0  JO 


=  0 


D3 

0 

>.  1- 

0  B 

>  JZ 

0  0  — 
0 

TO 
_  C 
TO  =  «1 

0  5 


O 

o 

c 

jC 

o 


c 

0 

c 

o 


o 

o 


._  o 

0  C 

o 

O  0 

CO  *- 


0 

JX 

in 

h- 


0 

0 

0 

1- 

> 

0 

JO 

0 

0 

0 

c 

zz 

0 

co 

xz 

0 

0 

c 

JO 

0 

0 

0 

c 

g 

0 

5 

0 

i-T 

0 

> 

0 

E 

0 

_g 

H— 

JO 

0 

> 

TO 

Q. 

i— 

0 

0 

5 

0 

u. 

'0 

0 

>» 

'q. 

0 

JO 

£ 

0 

0 

CL 

Q. 

0 

JO 

Ol 

c 

0 

+-I 

Q. 

0 

CD 

Vi. 

JO 

0 

c 

CO) 

'0 

0 

c 

E 

C 

0 

0 

E 

0 

0 

TO 

0 

E 

0 

3 

C 

D 

0' 

15 

c 

0 

> 

0 

0 

0 

0 

lo 

0 

JD 

CO 
•*— » 

*•+3 

0 

.2, 

5 

0 

"o 

0 

o'  C 

i— - 

CL 

0 

0  2 

■P  <13 


O 

JO 

0 

0 

0 


D) 


C 

0 


Q.  Q 
O 


0  a 

j= 

*->  73 

0 

0  5 


0  M- 


0 

0 

_0 

TO 

0 

D) 

0 

L— 

0 

o 

c 

0 

E 


Q. 

E 

1— 

0 
•*— * 
0 
0 

1— 

CJ) 

0 

i— 

0 

x: 

5 

0 

0 

0 

1- 

0 

JZ 
-•— * 
o 
c 
< 


zs 
0  -Q 

co" 
•E  m 

JI  CO) 
0  1- 

0 

0  £ 

^  E 
o 

■■E 

0  0 
0 

0  > 

JO  03 

-l-»  ^ 

^  CD 

B  0 
0  ^ 

oE 

05 

0  P 


r-  U 

Zi  ^  .tz 

^  Q.  > 
2 

Q-  > 

O  0  ,  • 
^  03 


0 


0 

> 

'0 

C 

0 

0 


0 
o 
o 
o 

B  c 
>  <0 
^  C) 

0 

0 

-1-  0 

0  2 
0  o 


0 

■0  0) 

0  CO) _ 

Q.  0  0 

^  TO  Q. 

^3  in  o 
"M-  o 
°  ^ 

.E3  0  o'  2  03 

JC  0  CM  CL  JO 


c  _ 
'0  0 

TO  03 
0  JO 
O 

-E  <13 

0  O 

"  2 
0  0 
JO 


■>  2 
*0  ^ 
0  o 
c  xz 
0  0 

0  _ 

0 

-  ^ 
0 

0  I 

E  •“ 
0 

4-» 

0 

.i. 

0  0 
0  >- 

O) 
o  c 

.2.  'E 


o  o 


0 

Q. 

c 

g 

0 

k— 

0 

c 

0 

Q. 


O 

E 

0 

0 


0 

0 

0 

0 

L- 

o 

c 


0 

JO 

B  0) 

TO  O 
Zi  CL 

5  0 


Manufacturing  of  Single-  or  Doublebase 
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7.  Propellant  Manufacturing  Process 

This  by  the  way  is  the  same  Bofors  propellant  manufacturing  process  which  produces  the 
propellant  used  in  the  new  .300  Win  Mag  cartridge  discussed  earlier  this  morning.  Bofors  manufactures 
that  propellant,  which  is  distributed  in  the  United  States  by  Hercules. 
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As  part  of  developing  useful  tradeoffs  for  sizing  the  penetrator  and  projectile,  we  conducted  a 
literature  review  of  penetrator  models  and  found  the  Grabarek  model  to  be  the  most  intuitively 
complete.  It  accounts  for  the  rod  diameter,  length,  weight,  strength  and  hardness;  and  the  target 
thickness,  hardness  and  obliquity  for  any  given  impact  velocity.  Here  we  see  that  one  should  be  able  to 
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So  much  for  theory.  After  the  smoke  cleared,  there  was  no  correlation  between  rod  diameter, 
hardness,  density,  mass  and  V50.  All  the  data  was  scattered  until  I  normalized  it  with  respect  to  rod 
mass  and  impact  kinetic  energy.  Then  this  trend  appeared.  What  you  see  are  equal  penetrator  mass 
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We  ran  the  same  theory  against  the  vertical  target.  Same  trends,  but  the  velocity  requirement  is 
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It  did  not  apply  here  either,  and  again  the  target  is  defeated  based  on  a  kinetic  energy  threshold, 
but  significantly  lower,  around  7.5  KJ,  about  half  the  energy  as  against  the  oblique  target. 

This  is  where  one  sees  the  greatest  improvements.  At  extended  range,  the  more  aerodynamically 
efficient  design  maintains  its  kinetic  energy  longer,  giving  the  weapon  greater  overall  usefulness  in 
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These  are  the  major  components  of  the  final  design.  The  penetrator  employs  a  tracer  cavity 
which  does  not  reduce  armor  penetration  performance.  The  tracer  cavity  may  be  filled  with  a  suitable 
visible  tracer,  dim  tracer,  or  invisible  infrared  pyrotechnic,  depending  on  the  application.  SAA  has 
developed  tracer  technology  to  support  these  uses. 
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15.  Linked  Rounds  and  Target  Plate 
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